Suitlock Docking Mechanism by Culbertson, Philip, Jr.
United States Patent t191 ti11 Patent Number: 5,697,108 
Culbertson, Jr. 1451 Date of Patent: Dec. 16,1997 
SUITLOCK DOCKING MECHANISM 
Inventor: Philip Cnlbertson, Jt, Redwood City, 
Calif. 
Assignee: The United States of America as 
represented by the Administrator of 
the National Aemnantics d Space 
Administration, Washington, D.C. 
Appl. No.: 730917 
Filed Sep. 30,19% 
Int, CL6 ..................................................... A41D 13hO 
U.S. CI. ................................... 24457; u2.11; 2444161 
Field of ! h a d  ............... U457, 2.11, 2.14. 
U2.15, 2.12, 2.13, 456, 69, 69.5, 79, 84, 
901; 244/158 R, 159, 161; 1144335; 405/189, 
192. 193 
References Cited 
U.S. PAl'EiNT DOCUMENTS 
2,813,022 1111957 
2,985,129 511961 
3,405,406 1011968 
3534,407 1011970 
3,537,668 1111970 
3,583,322 6/1971 
3,636,561 111972 
MoulrlKop .................................. 2/4-57 
Kirkpatrick ................. 21457 
Vykukal ................................... 2f2.1 A 
B d o m e  .................................. 2f2.12 
Kosmo et al. ............. 114/335 
VyLOkal ...................................... 1w1 
Vykukal ................................... 2/2.1A 
3,744,055 711973 
3,777,750 12/1973 
4,091,464 511978 
4,151,612 5/1979 
4,302,848 12/1981 
4,593,415 6'1986 
4594,734 6'1986 
4598,428 711986 
4,669,413 6'1987 
4,842,224 6'1989 
4,898,348 2/1990 
5,005,786 4/1991 
Blendgord .................................. 2/4-57 
Savornin ..................................... 2/437 
VyLukal ................................... 212.1 A 
Vykukal ................................... 212.1A 
omka et al. .............................. w457 
Vykukal ................................... 22.1 A 
Vykukal ................................... 212.IA 
VyKukal .................................. 212.1A 
cllmmins ................................ 1141335 
Cohen ..................................... 244/159 
Kahn ....................................... 244/161 
Okamoto et al. ............ 244/161 
Primary Examher-Amy B. Vanatta 
Attorney, Agent or Fi-Kenneth L. Warsh; John G. 
Mannix; Gary Borda 
1571 ABSTRACT 
An environmental protective suit used for hazardous clean- 
up or space applications includes a suitlock docking mecha- 
nism that allows for easy egress and ingress of a crew 
member between a sealed vessel and a possibly contami- 
nated environment. The suitlock docking mechanism com- 
prises a single actuator that controls latches which, in turn, 
respectNly control rack and pinion assemblies that allow 
for easy removal and attachment of a life support equipment 
endosure shell to the environmental protective suit or to the 
vehicle from which the operator performs hishex duties. 
13 Claims, 13 Drawing Sheets 
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SUITLOCK DOCKING MECHANISM of the '224 patent is considered to be far too heavy to be 
d e d  on the back of an operator performing hazardous 
The invention described herein was made in the perfor- aerial Clean-up tasks. 
m c e  of work under a NASA con@& and is subject to The '224 Patent diSClOSeS a S U i t P O l t  lock InfXhaniSm that 
public hw 96-517 (35 U.S.C. 200 et seq.). The c o n b a r  5 includes the use of two handles to dock and/or un-dock the 
environmental suit to the vehicle. Although the suitport lock has not elected to retain title to the invention. 
mechanism of the '224 patent may work in a zero-gravity, 
space environment, it is desired further improvements 
thereto be provided, such as the reduction of a number of 
A. Technical Field of the Invention controls needed to dock and/or un-dock the environmental 
The present invention relates to an Warms for entering suit to the sealed vehicle so as to simpl i fy  the docking and/or 
and leaving a sealed vessel in an environmental suit, such as un-dochg procedures and also to substantially prevent 
a suit for handling hazardous m a t a ,  or a suit used to chances of contamination by inadvertent usage of any of the 
perform tasks on a space station or a space vehicle. More control mechanisms. Moreover, the further improvements to 
particularly, the present invention relates to an environmen- the suitport lock mechanism should include p p a  sealing 
tal suit having a suitlock docking mechanism that allows for l5 for hazardous material clean-up situations, be light weight to 
egress and ingress to a sealed vessel. Specifically, the present ease the burden of the operator performins h w o w  mate- 
invention relates to a suitlock docking mechanism having a rial clean-up tasks, and fail-safe o p t i o n  so that a 
single actuator whose operation completely controls the failure does not cause damage or serious m a l f u n c t h ~  
docking and un-d&g of the envkomntal suit to a An environmental Suit used for hazardous d m - u p  or to 
sealed vessel so as to mae  easily allow for the egress and 2o perform tasks on a Planetary surface should be as light in 
weight as possible, and also should provide as much vis- ingress &om and to the sealed vessel. 
ibility as possible, so as to enhance the crew membex's 
ability to peaform hidher duties. 
BACKGROUND OF THE INVEMTION 
B. Description of the Prior Art 
System that allow for egress and from a ~aordingly, it is a primary object of fie present invention 
m a  clean-up and/or space alpplicdons and having a 
s u o &  docki4 m e c w s m  which is light weight. failsafe, 
and incorporates an easily o p t e d  control mechanism. 
vessel are known and one such system is described in U.S. 25 to provide for an suit used 
Pat. NO, 4,842,224 ('224) Of M. M. Cohen and is herein 
in-ted reference* The '224 patent discloses a 
suitport me P d w l Y ,  a lock mechanism that 
allows a crew member to 
of a vehicle, such as a space station or space vehicle, so that 
the crew member is allowed easy ingress and egress to and 
from the dis- 
closes an environmental suit pdcularly suited use when 
it is desired to enter or leave a sealed vessel, such as a space 35 
station or a space vehicle. The environmental suit of the '224 
patent incorporates components from space suits described 
in the following U.S. Pat. Nos. issued to wkukal: 3,405,406; 
coMect/disconnect It is another object of the present invention to provide for space S u i t ?  carrying life supporting equipment, to the hatch 30 an suit that is propeSly so as to be 
for hazardous 
It is another object of the present invention to p r o v i d e  for 
an environmental suit that allows for relatively high visibil- 
ity for the aew member situated therein. 
SUMMARY OF THE INVENTION 
The present invention is & m d  to a suitlock docking 
inCwratd into an e n ~ o m e n t a l  or proEdve 
clean-up applications. 
suit, The ,224 
3,636,564; 4,091.464; 4,151,612; 45939415; 4594,734; 
4,598,428; and 3,583,322, dl of Which 
suit and allows w y  egress and ingress from and to the 
herein inc- 4o prddve suit. 
rated by reference. Although the space suit of all of these 
references serve well their intended purpose, it is desired 
that mer improvements be made to the 
ne suitlock system a protective suit, a ring 
md to the back of the protective suit, an enclosure for a 
portable life support system (PLSS), a containment 
n i m  ma, it is an suit, dong assembly, a ring affixed to a hatch, a first and a 
with its associated docking m m S W  be provided that has 45 second for releasably oonnecting and &sconnecting 
the abfity to dock to a sealed vehicle that is used during the the suit and the 
co ntainment assembly. The p r W v e  suit has a back with clean-up of hazardous and/or toxic materials. 
Although an en-mntal Suit for space aPPfiCatiOnS and an access opening to allow for the donning and doffing of the 
those used during hazardous material clean-up have similar prwve by a caew =*. ne first means is for 
r e w e m n t s  and needs, the actual environment in Which a 50 releasably attaching the ring of the p t e a i v e  suit to the 
space suit is used is different than the environment in which comprises a 
a hazardous material suit is used More @cUl&', the single actuator having linkage adjustment means for releas- 
environment in which a space suit is used approaches that of ably and and G ~ , , , M ~ ~  the pas- 
a vacuum and is not contaminated, the environment table life support system @%.!3S) enclosure assembly and the 
in which a hazardous suit is used is usually contaminated 55 and 
and does not approach that of a vacuum. AmhkZlY, the for releasably and jointly connecting and diScOMecting the 
sealing requirements for a space suit is Werent than a suit -le life 
one docking mechanism that serves both applications. 
enclosure assembly of the 
dng of tfie hatch. me smnd 
to the ring of the prok&ve 
system assdly a d  he 
Used for hazardous lIlat&d, but it S a  desired to provide assembly to the ring aftixed to he hatch. 
The attainment of the foregoing and related objects, 
The crew member no matter What a~vircmment needs to 60 advantages and features of the invention should be more 
following detailed description of the invention, taken 
together 
be provided with easy access to and from the space suit or reay apparent to those. w e d  in the art, after review of the 
~ ~ ~ ~ K I O U S  
ronment in which shehe works. Although the suitport of the 
'224 patent serves well the needs of space applications, it 
does not provide sealing of potentially contaminated volume 65 
opened into a vehicle and it would not serve the needs of 
hazardous material clean-up situations. Further, the suitport 
suit that proteas M e r  from the 
the bawings, in 
BRIEp DEScRTpTIoN OF THE 
FIG. 1 is a perspective view of a team of crew members 
some of which are wearing protective suits and all of which 
5,697,108 
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are utilizing a vehicle particularly suited for hazardous 
material clean-up situations. 
FIG. 2 illustrates a suitlock assembly as it is wofn by a 
mew m b e r .  
FIG. 3 illustrates the suitlock assembly of FIG. 2 partially 
cut-away so as to illustrate further details thereof. 
FIG. 4 is an exploded perspective view of the suitlock 
assembly of FIG. 2. 
FIG. 5 illustrates an exteriar view of the hatch ring of the 
suitlock docking mechanism of the present invention. 
FIG. 6 is c o w s e d  of FIGS. qA), w), and 6(C) each 
portable life suppw enclosure 24. or a PLSS assembly 24. 
The mSS assembly 24 nests within the containment assem- 
blY 26 When the pBOteCtiVe Suit 22 is docked to the sealed 
hazmat vehicle 10. A sdf-contained, portable life support 
system not shown, is attached to a modified backpack frame 
and member 2o inside the protective suit 
22. The equipment worn by the crew member 28 either 
standing on a platform 28 of the hazmat vehicle 10 or on the 
ground 30 may be further desaibed with reference to FIG. 
2. 
FIG. 2 illustrates the protective suit 22, the PLSS 
@ m b l e  life SUP@ System) assembly 24 which encloses 
by the 
uustrat,iq respective positions associated with the spring- 
poltion of 
the portable life S V P ~  system not shown. as comprising an 
assembly herein referred t0 as the Suitlock assembly 32, that members c o n n e d  to f i e  
the hatch ring of FIG. 5. 15 is part of a suitlock docking mechanism to be further 
described hereinafter with reference to FIGS. 4-12. The 
entire suitlock assembly 32 advantagmusly weighs approxi- 
mately 60 pounds when the cryogenic portable life support suitlock docking mechanism of the present invention. 
each illustrating respective positions associated with the 
spring-loaded latch members and rack and pinion assemblies witfi various types of resistance lrnown in 
interconnected to the interior surface of the hatch ring of the and Serve as environment suits used d d n g  the 
performance of clean-up of hazardous or toxic materials and FIG. 7. 
FIGS. 9.10,11 and 12 ESpeCtiVdY illustrates the inter- CO-O~Y refmed to as h m t  The portable life 
relationship involved with the docking, capture. transfer, and 25 suppm system is typically a standard self-conhed breath- 
release operations of the suitlock docking mechanism of the ing appmtus (S-A) which typically supplies wpoxi- 
present invention. mately one hour of breathing air. In a typical incident, the 
FIG. 13 illustrates the contaminant purging system related crew members c l d g - u p  the hazardous m a t a  must first 
to the present invention. walk up to a quarter of a mile from a safe staging area to get 
30 to the contaminated site in order to analyze and attempt to 
neutralize the hazardous situation. The aew m e k s  must DETAILED DESCRIFTION OF THE 
then walk back to the “safe zone” and commence decon- INVENTION 
With reference to the drawings, wherein the same refer- tamination procedures which can take up to 15 minutes. The 
ence numbers indicate the same elements throughout, there total time required to transverse to and from the contami- 
is shown in FIG. 1 a perspective view of a sealed hazmat 35 nated area, plus the time required to perform decontamina- 
vehicle 10 that may be used in a situation that requires the tion procedures, leaves typically, without the benefits of the 
clean-up of hazardous or toxic materials. The sealed h a m  present invention, actual “on site“ hazardous clean-up activ- 
vehicle 10 contains various equipment to provide a com- ity of frequently less than 20 minutes. To further aggravate 
munications link 12 between an unmanned, robotic helicop the already di!Xcult situation, typically sealed hazmat suits 
ter 14 to precisely locate the hazardous under 40 are very hot, and heat stress is a n o d  condition for the 
consibtion.  The sealed h- vehicle 10 has two open- Suited crew member and heat stroke is a constant threat, The 
ings in its rear access panel which are sealed by a contain- present invention addresses these problems in a number of 
ment assembly 26, to be further described with reference to ways. More p a r t i d y ,  with the protective suit 22 attached 
FIG. 4. when a protective suit, to be further described with to the environmentally sealed hazmat vehicle 10, the “safe 
reference to FIG. 2. is away &om the hapnat vehicle 10. 45 zone” can be moved essentially into the “hot zone,” thereby 
Hand and bar r a i l s  18 assist anyone of the crew members 20 dr-ticdy reducing traverse h e .  “he use of a cryogenic 
for egressing and ingressing the hspnat vehicle 10. life support system (2 haw capacity of liquid air supplying 
In genaal, the suitlock docking mechanism of the present both breathing air and -&2), k m t i d Y  increases 
invention allows a am member 20 positioned imide a on-site time, while reducing risk of heat related problems. 
sealed hazmat vehicle 10 to enter an environmental or 50 mer, by using the suitlock docking S Y ~  of the present 
p r a v e  suit, having mo layers s-ng as invention, the crew member 20 can return to the vehicle, doff 
pressure and environmental barriers, through the hatch 16 the P m u V e  Suit 22, e a ,  recharge the life S U P d  
which achtally is the containment assably 26 and, then to SyStem, and even rsenta  the suit to continue operations. all 
disconnect the protective suit from the vehicle portion of the without going &ugh decontamination p r o ~ e k e s -  
suitlock docking mechanism afExed to the rear access panel 55 The PLSS enclosure 24 has a plurality of grooves 34 
and go to work When reentering the hazmat vehicle 10, the spaced apart from each other about its circumference which 
aew member u) backs or maneuvers the protective suit into have the grooved face of a ring shaft, to be described 
the s M o &  docking mechanism and the protective suit is hereinafter with reference to FIG. 9, at their distal end The 
aptured against the hazmat vehicle 10 by maris of spring- crew me* 20 c- the suitlock assembly 32 wears 
loaded latches. A crew member u), inside the havnat vehicle 60 gloves 36 with bands 38, shoes 40 and a helmet 42 joined to 
10, opens the docking mechanism and the suited crew a circular helmet ring 44 which may be further described 
member 20 climbs out of the protective suit without expos- with reference to FIG. 3. 
ing himselfherself, or the vehicle interior, to the contami- mG. 3 is partially cut-away to illustrate the circular 
nation on the outside of the hazmat vehicle 10. As generally helmet ring 44 as being rigidly attached to a fibexglass 
illustrated in FIG. 1, the aew member 20 wears a protective 65 fixture 46 by suitable fastening means such as rivets which, 
suit 22 to which is attached a portable life support enclosure in turn, is rigidly attached by suitable fastening means such 
assembly 24 which may also be referred to herein as a as rivets to a suit ring 48 that is also formed of rigid material 
FIG. 7 illustrates an interior view of the vehicle ring of the 
FIG. 8 is COmpOSed Of FIGS. %A)+ S(B), 8(C), and 8(D) is fay 
Protective suits are typicauy constructed of f a ~ c s  
5,697,108 
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such as aluminum, and attached to the back of the protective It is prefemed that seven (7) first latch members 60 be 
suit 22 as generally illustrated in FIG. 3. The protective suit equally spaced apart from each other about the circumfer- 
22 is a-hable to both the circular helmet ring 44 and a suit ence of the exterior surface of the vehicle ring 56 and each 
ring 48 (to be described) by removable band clamps. FIG. 3 be joined to a respective gelding n ~ a n s  90 preferably 
further illustrates that the back region of the protective suit 5 m e e d  of a leaf spring and which is arranged SO as to be 
22 preferably comprised of layers of fabric as having an &Pressed radidy as the first latch member 60 comes into 
opening &fined by the suit ring 48 that allows for the crew contact with the wd me* Of the suit ring 48 in a 
further an aOceSS panel 50 with an opening, t o F z G S . F 1 2 . T h e f i r s t l a t ~ ~ ~ 6 o i s ~ s i t i o n e d n e a r  
an elastomeric static seal 92. Elastometic static seal 92 as generally shown by the refexence numb= 52. The access IO as the der seals of the present invention to be panel 50 is connected to the havnat vehicle 12 by fastener desgibed used for seating all the surfaces of the suitlock 
56,” or ‘tehicle ring 56” and which is interconnected to the intaior of the h m t  and is 
containment assedb’ 26 in a manner as to be further 15 preferably of the type described in U.S. pat. No. 4,593.415, 
d e d b e d  With reference to FIGS. 5-12. The Suitlock assem- heady h c o v t &  by reference. The first latch 
bly 32 XIMY be further described with reference to FIG. 4. member 60 may be further & a b e d  with reference to E[G. 
F’IG. 4 illustrates the vehicle ring 56 as being connected 6. 
to the access panel 50 by way of the fastener 58. The vehicle FIG. 6 is composed of FIGS. 6(A), qB), and 6(C) that 
ring 56 further comprises a first releasable connect@/ 20 respectively illustrate the release, spring-loaded, and locked 
disoMe&g means 60 that faces the suit ring 48 which has PositiOIls of the first latch member 60 in a lIli3Imer aS to be 
a groove or cutout 62 therein. The vehicle ring 56 further mare fully described hathaftex with reference to FIGS- 
comprises a second releasable connectingldisconnecting 9-12* 
means 64 that faces a containment assembly 26 as viewed in 0fFIGS. WAX 6(B)+ md6(C) ill~swates that the first 
FIG. 4. 25 latch member 60 comprises first and second studs 94 and 96 
having first and second ends, with the first end of each 
attaching the suit hg to the vehicle ring 56 and the respectively have depressions 102 and 104. Each of the first 
second means comprises a single actuator having linkage and second studs 94 and 96 is connected, via connecting 
adjustment for releasably and connecting 31) means 88 (see FIG. 5), to the continuous cable 86. Each of 
and dimnnecting the assembly 24 and *e ‘Oatah- the grooves 98 and 100 is formed in exterior surface of the 
ment assembly 26 to the suit ring 48 and releasably and 60 operativdy 
4 further ~UstraIeS the PLSs aS-1Y 24 as having 35 which is located on the interior surface of the vehicle ring 56 
member to egress and ingress therefrom and thereto. FIG. 3 to be more described hereinafter With reference 
means whereas the opening 52 a ring 56 which 
as a “fiatch *g &&ng mechanism ofthe pesent invention operate so as to isolate the h a o r  of the protective suit 22 as well as the be i n m b n g d l Y  r e f e r r e d  to 
12 
In genad7 the me8ns 6o provides for releasably respectively fitting into grooves 98 and 100 which, in turn, 
ring 56. The first latch 
jointly and the m s  24 cqerates  a second latch member 64, sometimes referred to 
and the containment assembly 26 to the vehicle ring 56. herein as a second, e g - l o a & d  lac., 64, and 
a first rack and phion assembly 66. As shown in FIG. 4, a 
P l m m  of rack and Pinion a S s ~ l k #  me separated from 
which m y  be further &scribed with reference to 7. 
FIG. 7 illus-tes that there are preferably Seven (7) 
t%lch Other by ribs 70 and 72. The first releasable COMeCting/ second 64 which are in alignment with the 
disconnecting means 60 which is located on the exterior fitst mb 60 as wd and 
surface of the vehicle ring 56 that is facing the suit ring 48 4o to be M~ all of sme as 
interchangeable referred to herein as a first latch member 60 the inside a d  exterior surfaces 
or as a first, spring-loaded latch member 60. of the vehicle ring 56. In a manner as discussed for the first 
FIG. 5 is shown as being p d d y  cut-away so as to latch member 60, the second latch member 64 is also 
illustrate that the first means 60 is interconnected to a cable 45 i n t e r c o ~ w  to and controlled by the cable assembly 74. 
assedb’ 74 COmprisiag an O-ring sealed shaft 76 CaSrying The cable assembly 74, in addition to the components 
two spindles, the first of which is shown as spindle 78 on the previously descn’bed with reference to FIG. 5, further com- 
extaior face of the vehicle ring 56. The cable assembly 74 m e s  a second spindle 106 coupled to the shaft 76 which, 
further comprises means (not shown), known h tht art, for in turn, is coupled to the single actuator 80, within which is 
connecting the shaft 76 to a single actuator 80 that is 50 contained the spring-loaded pin previously discussed with 
rotatable in a predetermined direction, such as a counta reference to FIG. 5 and now generally shown in phantom by 
clockwise direction, as indicated by directional arrow 82. the nomenclature 76A. The cable assembly 74 sti l l  mer 
The first or home position of rotation is indicated by a solid compl-ises a plurality of cable. @des 10s located about a 
representation of actuator 80 and a second position of circumference of the interior face of the vehicle ring 56. The 
rotation is indicated by the phantom representation 80A of 55 cable assembly 74 still further comprises a second continu- 
the single actuator 80. The single actuator 80 inccaporates a ous cable 110 intertwined about the spindle 106 and the 
spring-loaded pin (not shown for the sake of clarity but cable guides 108 and having means 112 for being connected 
known in the art) that allows for discrete rotations of the to the first and second studs of the latch member 64 which 
actuator 80 for a t e m h l  segment of the prdetenmined rides on a yielding means 114 that prehably comprises a 
distance of rotation indicated by directional arrow 82. 60 leaf spring. The second latch me- 64 is positioned near 
The cable assembly 74 fnrtha comprises a plurality af an elastomeric seal 116, also shown in FIGS. F12 to be 
cable guides 84 located about the circumference of the described haeinafta. The elastomeric seal 116 is preferably 
exterior face of the vehicle ring 56 and a first continuous of the type already described for seal 92. The second latch 
cable 86 which is intextwined about the spindle 78 and the membef 64 m y  be further described with reference to F’IG. 
cable guides 84 and has connecting means 88 for connecting 65 8. 
to the ends of first and second studs (to be descnied) of the FIG. 8 is composed of FIGS. 8(A), 8(B), WC), and S(D) 
first latch member 60. that respectively illustrate the locWdisengaged, locked, 
m y  be further des- with reference to FIG. 5, and is releasably connecting/disconne&g m s  1-M
of both the 
5,697,108 
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spring-loaded, and released positions of the second latch 
means 64 in a manner as is to be more fully described 
hereinafter with reference to FIGS. 9-l2. 
Each of FIGS. 8(A), 8139, WC), and 8(D) illustrates that 
the second latch member 64 has first and second studs 118 5 
and 120 which have first and second ends each of which has 
one end that respectively fits into and is guided within 
grooves 122 and 124 which, in turn, have &pessions 126 
and 12% at one end thereof. The studs 118 and 120 also have 
their other end connected, via connecting means 112 (see 10 
FIG. 7), to the continuous cable 110. The grooves 122 and 
W are formed in the interior surface of the vehicle ring 56. 
me second latch member 64 has a groove 1 3  having a 
lowermost portion with preferably a V-shape that is selec- 
tively engaged by a 
of a rack and pinion assembly W which operatively coop 
erates with the first rack and pinion assembly 66 that may be 
further described with reference to FTG. 9. 
with it the 
FIG. 9) toward the vehicle ring 56 in a direction as indicated 
by directional arrow 136. In a manner to be more fully 
&scribed, as the pzss assembly 2rl is moved inward, its 
the second latch member 64 previously described with 
reference to FIG. 8. 
OPERATION OF THE SUIIZOCK DOCKING 
MECHANISM 
The suitlock mechanism co*ses the sin@e 
actuator 80 that the latch me- 60, the 
second htch member 64, the first rack and pinion assembly 
mechanism mY be 
described with reference to FIGS. 4-12. 'l''he operation is 
acm-fished bY FefmhlY SeVen(7) latching stations Coop- 
eratively SUWfied by the interaction between the first latch 
member 60, the second latch member 6 4 9  the first rack and 
gear rack 174 15 pinion assembly 66, and the second rack and pinion assem- 
bly 134, a l l  With each Othex and all e ¶ d Y  spaced 
around the PeripheSY as most Clearly illustrated in FIG. 7, 
with respect to the second latch member 64. The operation 
of the suitlock docking mechanism may be described with 
assembly =, may be moved inward (as viewed in m reference to four modes which are docking, capture, transfer, 
and 
DOCKTNG MODE 
With simulmeous reference to FIGS. 3,4,6A, 6B and 9, 
25 contaminated protective suit 22 (see FIG. 4) backward into 
between structure members of the access panel 58 (see FIG. 
4). This opening is more particularly defined by the vehicle 
ring 56 (see FIG. 4). Even before the backward 
pdon 140 is arranged so that it 30 maneuvering, it is seen in FIG. 9 that the offset rack 148 
positions the ball 156 downward so as to be projected into 
the groove in the surface of the suit ring 48, effectively 
attaching the two elements together. "he backward maneu- 
A five degree taper 
the edge regions of the U S  assembly 24, helps to guide the 
suit ring a into the opening 52 &fined by the vehicle ring 
and the second rack and pinion 134* 
The F a t i o n  Of the S~t lock 
132, in a#ached 
mG. illustrates that the suit ring a, 
I 
tapered outer surf= comes into contact with the latch 
60 to ramy io a &don indated by 
it is Seen that a member maneuver a potenmy 
the Opening 52 Of the access pallel 50. defined by the Spacing 
to be described, causing the first latch 
directional arzow ,,,,. The suit ring 48 hss a tapered 
an elastomeric la which 
as seal The 
Hecedes the groove 62 of the suit ring 
is moved toward the vehicle ring 56. 
is positioned so as to be non-collinear with the first latch 35 
66 be located so as to be perpen- 
dicular to the first latch member 60. Similarly, the second 
and radiauy depressing the leaf spring 
140 which cam'es 
is of the s8me type 
as the suit ring 48 
As Seen in 9* the rack and won assembly 66 vering by the m w  member is most dearly mustrated in FIG. 
by means of directional   ow 
member More PartichlY? it is pefend that the first on the tapered membQ 140 of the suit ring 48, as well as on 
and pinion 
rack pinion assemblies 134 is non-collinem 56. The sphing latches 60 positioned around the 
m"E PdchlY and FefmblY, mndicular to the set- 40 ofthe vehicle ring 56 are & p s s &  radially 
as the suit ring 48 comes together with the vehicle ring 56. 
 der, as S e n  in FIG. 9, as fie tapered edge of the m s  
assembly 24 comes into contact with the first latch 
60, the tapered edge ofthe PLSS assembly 24 forces the first 
shaft 45 latch member 60 downward in the direction indicated by 
&&-,A arrw 138, until fie leaf s@g 90 HG. 6 ~ )  
is at its bottomed-out condition. 
c m m  MODE 
ond latch member 64. 
The first rack and pinion assembly 66 has its rack 148 
positioned, in an Offset maMer, within a chamber 146 at the 
edge portion of *e m s  S S ~ ~ Y  24. n e  first and 
pinion assembly 66 further comprises a first 
havhg gears 150 at its central region and first and second 
ends 152 and 154, and with the end 154 having a grooved 
face portion which, in turn, has a portion extending down- 
Ward therefrom as v h e d  in 9. The rack 148 is With simultaneous refaence to FIGS. 4,6(B), 8@), 9 and 
positioned SO aS to be located near a ball 156 that rides or is 50 10, it is Seen h t  as tfie suit ring 48 is moved inwad in 
l a O j d * t o  a groove of h e  Suit a .Abead 158, sewn direction 136 (see FIG. 9) toward the vehicle ring 56, the 
into the fabhic protective suit 22, fits into a m v e  around the t a p a d  portion 140 of fie sa ring 48 passes over the 
circumference Of the SGt*&3 48 and is by a band member 60 until it bottoms out and allows the cutout or 
clamp. FIG. 9 also illustrates seals 162, and 116 dl t b i h  ova  the first latch 
to seal 92. FIG. 9 illustrates an O-ring seal 166 between the 5s me& 6 ~ .  ms occmnce (cutout 62 meeting the first 
vehicle ring 56 and the access panel 50 (not shown). All of latch 60) &lows the leaf spring 90 to no longer be 
the s d s  shown h FIG. 9 seal the surfaces to which they depressed (see mG. w)) and to its non-depressed s a  
mate (1c contact. so that the first latch member 66 snaps into the opening 62 
The second rack and pinion assembly 134 further corn- (see FIG. 10) causing the suit ring 48, carrying the PLSS 
prires a containment ring shaft having a central gear portion 60 assembly 24, to be captured by the vehicle ring 56. When the 
168 and first and second ends 170 and 172, with the end 170 PLSS assembly 24 is attachd to the suit ring 48, the grooved 
shaped in a complementary manner relative to the grooved face portion 154 of the PLSS assembly 24 shaft is aligned 
face portion 154 of first rack and pinion assembly 66 so as with, and is free to slide over the projected portion 170 of the 
to substantially mate thereto and so as to be captured thereby shaft of the containment assembly 26. M a e  particularly, as 
in a manna as to be described. The geared portion 168 65 seen in RG. 10, the downwardly extending portion of the 
meshes with the gears of the gear rack 174 which is grooved face portion 154 fits into the cutout section of the 
connected to a tab 132 engaging the V-shaped groove l30 of projected p d o n  170. M e r ,  as seen in FIG. 10, the teeth 
groove 62 of the suit riag 48 to 
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168 are meshed with the teeth of gear rack 174 which, in 126 and 128 respectively when the second latch member 64 
turn. has its tab 132 insated into the V-shaped groove 130 was dragged laterally by the clockwise rotation (the terminal 
of the second latch member 64 (see FTG. w)). segment of 22.50°) of the single actuator 80, the cable 110 
TRANSFER MODE pulled down the studs US and 120 which, in turn, pulled the 
With simultaneous reference to FIGS. 7, 8(B), 8(C), 10 5 groove WO out of contact with the tab 132, which is shown 
and 11, it is seen that a 45" clockwise rotation of the single in FTG. 12 by directional arrow 184. As seen in FIG. 12. the 
acmator handle 80 causes the portable life support system second latch member 64 is moved downward. thereby, 
assembly 24 to be transferred from the suit ring 48 (FIG. 10) allowing the containment assembly 26 (together with the 
to the containment assembly 26 (FIG. ll). More particularly, captured PLSS assembly 24) to be separated from the 
as seen in FIGS. 7 . m )  and 8(C), the rotation of the single io vehicle ring 56 and in the direction indicated by arrow 186. 
actuator 80 (FIG. 7) of about 45' from its initial (solid As further seen in FIG. 12, and as already described with 
reFesentation) corresponding to FIG. 8(B) causes the cable reference to FIG. 11, the ball 156 is no longer riding or 
110, connected to both the studs 118 and 120, to drag the projected into groove 40A of the suit ring 48. thereby, 
seoond latch member 64 laterally from its position of FIG. allowing the portable life support system assembly 24 to be 
S(B) to its position of FIG. 8(C). As seen in FIG. 11, the is separated from the suit ring 48. With these separations, the 
lateral movement of the second latch member 64 m e  crew member can now doff the protective suit 22 and enter 
spondingly moves the second rack and pinion assembly W the vehicle by pulling himlherself backwards through the 
in a lateral manner as indicated by directional arrow 180. opening defined by vehicle ring 56. To don the protective 
More particularly, as the second latch member 64 lateally suit the entire sequence that is, the docking. capture, transfer 
moves from the position shown in FIG. 8(B) to the position u) and release modes is reversed with the final action of 
shown in FIG. WC), its groove 130 correspondingly moves releasing the protective suit 22 again requiring activation of 
the tab 132 which, in turn, translates the gear rack 174 (see the single actuator 80, in particular, the safw trigger 76A 
FIG. 11) which, in turn, rotates the gears 168 which, in turn, preferably contained in the single actuator 80. 
rotates the @on 170 which, in turn, rotates the grooved As seen with reference to FIG. qA) and FIG. 8(D), the 
face portion 154 which, in turn, rotates the gears 150 25 firstlatchmember60andthe secondlatchmember64are 
indicated in FIG. 11 by the directional arrow 176. It should directly linked through the single actuator 80 and retract at 
be noted that PIG. ll indicates the lateral movement (out of opposite ends of the actuator's 80 travel. More particularly, 
the paper as viewed in FIG. 11) of the first and second latch the first latch me& 60 and second latch member 64 
members 60 and 64 by directional arrows 178 and 180 retract, that is, release their captured dements, that is. suit 
respectively, whereas the lateral movement of rack 148 30 ring 48 and containment assembly 26, as respectively indi- 
within the channel 146 is indicated by directional arrow 182 cated in FIGS. qA) and 8(D). Because of this opposite 
The movement of the tab 132 fkom its position of FIG. 8(B) retraction mechanism, the first and second latch membexs 60 
to its position of FTG. 8(C) correspondingly causes the and 64, respectively, cannot be accidentally retracted 
captured grooved face portion 154 and portion 170 to move simultaneously, thereby, reducing the danger of any 
from the orientation shown in FIG. 10 to their orientation 35 unwanted contamination because of inadvertent use of con- 
shown in FIG. 11. This lateral movement of tab W2 causes trol knobs and handles. The present invention further 
a 180" rotation of gears 150, as indicated by directional includes a contaminant purging system for removing 
arrow 176, which, in turn, causes the rack 148 to be moved unwanted contamination and may be further described with 
in direction 182 from its location shown in FIG. 10 to its reference to FIG. U. 
location shown in FTG. 11. As seen in FIG. 11, this latexal 40 FIG. W illustrates a system far purging interstitial volume 
movement causes the rack 148 to be no longer in contact between the region sealed by the first, second, third and 
with the ball 156. Conversely, the grooved face portion 154 fourth seals of the suitlock assembly 32 of FIG. 2 and 
of the portable life support system assembly 24 is captured generally indicated in FTG. 13 by refezence number 188. The 
by the portion 170 of the containment assembly 26. purging system of FIG. 13 has an inlet opening 190 located 
Furthermore, as seen in FIG. 11, a l l  of the assembly com- 45 at the top (as viewed in FIG. 13) of the vehicle ring 56 and 
ponents that is, the suit ring 48, the portable life support an outlet opening 192 located at the bottom (as viewed in 
system assembly 24 and the containment assembly 26 all FIG. 13) of the vehicle ring 56. Preferably, the inla opening 
remain captured or interconnected to the vehicle ring 56. 190 has a one-way valve 194 and the outlet opening 192 also 
ReLeASE MODE has a one-way valve 1%. The one-way valves 194 and 196 
With simultaneous reference to PIGS. 6@), 6(C), 7,8(C), 50 isolate the interstitial volume 188 after purging either into a 
8(D), 11 and 12, it is seen that as the single actuator 80 (FIG. holding container or to the outside of the vehicle, such as 
7) is rotated through its final portion, that is 22S0, in a outside the hazmat vehicle 10. The oneway valves 194 and 
clockwise direction, by being activated by the spring-loaded 196 respectively are connected to conduits 198 and 200, 
pin 76A, it causes the k s t  latch me- 60 to translate whaein conduit 198 is connected to a purging source. 
laterally from the position shown in FIG. 6(B) to the position 55 Depending on the nature of the chemicals' exposure, either 
shown in FIG. qC). The lateral translation of the first latch a vacuum, a neutralizing gas or a liquid could be used as the 
member 60 allows the first latch member 60 to r e d  purging source. The outlet conduit 200 is opened into the 
locked in position, that is, its vertical orientation is atmosphere outside the hawaat vehicle 10 of FIG. 1 or into 
maintained, because the studs 94 and 96 are still within their a holding container (not shown) far later removal. 
respective grooves 98 and 100. Similarly, this same 22.5" 60 Although the hereinbefore given &scription was prima- 
rotation of the single actuator 80 causes the second latch rily related to a crew member performing the duties involved 
mernber 64 to be translated laterally; however, as seen io in hazardous or toxic material clean-up, the principles of the 
FIGS. 8(C) and WD), more particularly, as seen in FIG. present invention related to an environment suit and to the 
8(D), the studs 118 and 120 of the second latch memba 64 suitlock docking mechanism are equally applicable to the 
are no longer within their respective grooves 122 and 124, 6s crew member performing the duties on a space vehicle or 
but rather are positioned within their depressions 126 and space station. The suitlock mechanism of the present inven- 
128. Because the studs 118 and 120 were in the depressions tion actually exceeds the needs of those of space vehicle or 
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space station because the present invention provides sealing 
against any potentially contaminated volume being opened 
into the vehicle and which sealing is not necessary for a 
zero-gravity, space environment. 
It should now be appreciated that the practice of the 5 
present invention provides for an environmental suit and a 
suitlock docking mechanism that may be used by a crew 
member involved with either hazardous mataial clean-up or 
in performing Wer duties in a space vehicle or space 
station. The suitlock docking mechanism has a single actua- IO 
tor that is easily operated in a manner so as to substantially 
eliminate any operational failures that may otherwise be 
caused by multiple actuator devices. 
It should be furthcr appreciated that the present invention 
provides for a suitlock docking mechanism as well as 15 
p-otection suits that are sealed from any contaminated 
environment. 
Further, it should be appreciated that the present invention 
provides for a docking mechanism having a relatively light 
weight such as that representative of about 60 pounds which 20 
is a &tical consideration in human-ded  equipment in 
eithex a hazmat or planetary exploration scenario. Further, 
the present invention provides improved visibility such as 
that enhanced by the hemispherical helmet of the present 
It should further be apparent to chose skilled in the art that 
various changes in the form and details of the invention as 
shown and described may be provided and it is intended that 
such changes be included within the spirit and scope of the 
invention. 25 
claims appended hereto. 30 
What I claim is: 
1. A suitlock system for egress from and ingress to a 
sealed environment by way of a hatch, said suitlock system 
comprising: 
(a) a protective suit having a back with an access opening 35 
@) a ring affixed to said back of said protective suit; 
(c) a portable life support system enclosure; 
(e) a vehicle ring afltixed to said hatch; 
( f )  a first means for releasably attaching said ring of said 
suit to said vehicle hatch ring: and 
(g) a second means comprising a single actuator having 
link;ape adjustment means for releasably and separately 45 
connecting and disconnecting said portable life support 
system enclosure and said containment assembly to 
said suit ring. and for releasably and jointly connecting 
and disconnecting said portable life support system 
enclosure and said containment assembly to said 50 
vehicle hatch ring. 
for donning and dofling said protective suit; 
(d) a containment assembly; 40 
2. The suitlock system according to claim 1, wherein said 
single actuator has means so as to be rotatable in a prede- 
tennined direction for a pdetamined distance and the 
rotatable means includes a spring-loaded pin that allows for 55 
the rotation of said single actuator for a terminal segment of 
said predetermined distance. 
3. The suitlock system according to claim 1, wherein said 
suit and hatch rings each has a generally elliptical concentric 
shape and is comprised of aluminum. 
4. The suitlock system according to claim 2, wherein said 
vehicle hatch ring has an interior and extedor surface and 
said suit ring has a tapered o w  surface having a cutout 
therein, and said first means compists: 
60 
(a) at least one first latch membex located on said exterior 65 
surface and having a tapered face that comes into 
contact with said tapered outer surface of said suit ring 
108 
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as said suit ring is brought together with the exterior 
surface of said hatch ring, and 
@) yielding means having means for being joined to said 
at least one first latch member, said yielding means 
allowing said first latch member to yield as said tapered 
outer surface of said suit ring comes into contact 
therewith until said first latch member comes into 
contact with said cutout of said tapexed outer surface of 
said suit ring, whereby said at least one latch member 
finds its way into said cutout of said tapered outer 
surface of said suit ring. 
5. 'Ihe suitlock system according to claim 4, wherein said 
yielding means comprises a leaf spring which is arranged so 
as to be depressed radially as said at least one first latch 
member comes into contact with said tapered outer surface 
of said suit ring. 
6. The suitlock system according to claim 4, wherein said 
tapered outer surface of said suit ring further includes a 
groove located adjacent said cutout of said tapered outer 
surface of said suit ring and said second means comprises: 
(a) said at least one first latch member having first and 
second studs with first and second ends and with the 
first end of each which fits into and is guided within 
grooves in said exterior surface of said hatch ring, said 
grooves in said exterior surface each having a depres- 
sion at one end thereof; 
@) at least one second latch member located on said 
interior surface of said hatch ring and in alignment with 
said at least one first latch and having a notch in one of 
its surfaces, said at least one second latch member 
having first and second studs with first and second ends 
and the first end of each which fits into and is guided 
with grooves in said interior surface of said hatch ring, 
said grooves in said interior surface eacb having a 
depression at one end thereof which grooves and 
depressions 8re in alignment with said depressions and 
said grooves of said exhior surface; 
(c) at least one first rack and pinion assembly positioned 
non-coltinear with respect to said at least one first latch 
me- and located on said p o ~ b l e  life support 
system enclosure with the rack thereof being positioned 
in  offset manner within a channel of said portable 
life support system enclosure, said offset rack having 
gears and with one end thereof positioned near a ball 
located in  a cutout positionable in alignment with said 
groove of said tapexed outer surface of said suit ring, 
said first rack and pinion assembly having a first shall 
with first and second ends with the first end having 
teeth that mesh with gears of said offset rack and the 
second end having a grooved face portion; 
(d) at least one second rack and pinion assembly posi- 
tioned non-collinear with respect to said at least one 
second latch member and located on said containment 
assembly with a second shaft having first and second 
ends and with the second end being dimensioned to 
mate with said grooved face purlion of the first shaft, 
said second shaft having its first end comprising teeth 
that mesh with gears of the second rack, said second 
rack and pinion assembly having a tab that is releasably 
positionable in said notch of said at least one second 
latch member; and 
(i) a shaft carrying two spindles that are respectively 
located at the interior and exterior surfaces of said 
vehicle ring; 
(E) a plurality of cable guides located about the cir- 
cumference of each of said interior and exterior 
surfaces of said vehicle ring; 
(e) a cable assembly comprising: 
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(iii) a first continuous cable inteawined about the 
spindle and cable guides of said exterior surface of 
said vehicle ring and having means far being con- 
nected to said second ends Of each Of Said first and 
second studs of said at least one first latch member; 
(iv) a second continuous cable intertwined about the 
spindle and cable guides of said exterior surface of 
said vehicle ring and having means fm m g  con- 
netting to said second ends of each of said first and 
second studs of said at least One second latch mem- 1o 
k, and 
(v) means for connecting said shaft of said cable 
assembly to said single actuator, to said spring- 
loaded pin, and to said means for allowing rotation 
of said single actuator in a predetermined direction 
7. The suitlock system according to claim 6. wherein said 
first rack and pinion assembly and said at least one first latch 
other and said second rack and pinion assembly and said at 
least one second latch member are ab0 positioned substan- U) 
tislly papendicular to each other. 
at least one first latch member, said at least one second latch 
member, said at least one first rack and pinion assembly, and 
said at least one second rack and pinion assembIy are each ~ 
of a total numbm of seven (7), said at least one fitst and 
about respective exterior and interior surfaces of said vehicle 
ring and said first and second rack and pinion assemblies 
also being spaced apart from each other and in respective 
members. 
9. The suitlock system according to claim 1, wherein said 
suit ring has a surface comprising a fiberglass mataial and 
has means for fastening a circular helmet ring thereto and to 
which circular helmet ring is attached a helmet by fastening 35 
means. * * * * *  
10. The suitlock system according to claim 9. wherein 
said helmet has a h&sph&& shape and is comprised of 
a transparent 
said 
protective suit is attached to both said circular ring and said 
suit ring 
m@sing; 
11. me suidock system acm&w to 9, 
band 
12. The suitlo& system acmrding to claim 6 further 
(a) a first seal positioned between mating surfaces of said 
portable Me support system enclosure and said con- 
taiment assembly; 
(b) a second seal positioned between mating surfaces of 
saidpatable life support system enclosure and said suit 
(c) a third seal positioned between mating surfaces of said 
and for a predetermined distance. 15 ring; 
suit ring and said vehicle ring; and 
said containment assembly and said vehicle ring. 
to 12 f~aher 
comprising a system for purging the interstitial volume 
fo& seals, said purging system complising: 
member are positioned substantidly pe&ndicular to each (d) a fourth positioned & e n  &g surfaces of 
13. me suidwk system 
8. The Suitlock System =Ording to Claim 6, Wherein Said bemeen the re@ons by said first, second, third and 
(a) Met and Outlet OPe&gS in Said hatch ring; 
(b) a one-way valve in each of said inlet and outlet 
(c) to said 
second latch members being spaced apart from each other openings; 
having means for being 
inlet and outlet openings; and 
having means for being connected to the conduit at said 
outlet and with the second end having means for being 
connected to a some comprised of one of fluid gas and 
vacuum far purging said intmstitial volume. 
figment w i ~  said at least one first and second 30 (d) means having first a d  endS with the first end 
